Study design: Cross-sectional, multicenter study. Objectives: To identify and quantify the differences in functioning of individuals with tetraplegia versus paraplegia using the International Classification of Functioning, Disability and Health (ICF) as a frame of reference. Setting: International. Methods: Functional problems of 1048 participants with spinal cord injury in 16 study centers in 14 countries were recorded using ICF categories. The level of significance and odds ratios (OR) for experiencing each of these functional problems were reported for individuals with tetraplegia and paraplegia. Regression models were adjusted for age, age squared, early post-acute or long-term context, gender and for world regions. Results: Persons with tetraplegia are more at risk than persons with paraplegia to have difficulties in 36.4% categories of the component body functions. In the component body structures, 40% of the categories show significant differences. Individuals with tetraplegia indicate problems in three categories, whereas individuals with paraplegia are more likely to indicate problems in one category. Most categories indicating difficulties (56.6%) for persons with tetraplegia were found for the component activities and participation. The component with the highest congruency was the environmental factors. Overall, 3.7% categories (of the persons with tetraplegia as experienced, 2.4% of the categories as barriers, whereas 4.9% were experienced to be facilitators) obtained OR, indicating individuals with tetraplegia having more difficulties. Conclusion: The logistic regression analysis identified a variety of differences in functional problems in individuals with tetraplegia compared with individuals with paraplegia. The ICF has the potential to indicate the differences in health conditions.
Introduction
Spinal cord injury (SCI) is a devastating medical condition, which has life-changing consequences on numerous aspects of human functioning and participation. 1 Persons with SCI are confronted with functional difficulties, including motor and sensory impairments, bladder and bowel emptying, 1 respiratory or blood pressure problems, which frequently result in limitations in activities and participation like, in mobility, in self-care, in communication and in domestic life. [1] [2] [3] Environmental factors, which cover physical, social and attitudinal environments such as mobility, equipment, transportation, support and relationships, as well as services, systems and policies 4 can significantly influence the level of functioning and disability. The level of the spinal cord lesion also has a major impact on functioning. Persons with paraplegia when compared with persons with tetraplegia mostly experience hand function deficits, 5 respiratory problems and problems in communication. 2 Moreover, the availability of personal assistance and choice of residence 6 have an immense impact on individuals with tetraplegia.
A variety of instruments are used to assess functioning and disability in people with SCI. Most of these are aiming to capture a specific aspect of the overall health condition in SCI; in addition, they vary enormously in their conceptualization, contents, and moreover in psychometric characteristics. 7 A complementary approach to the existing assessments and health-status measures has been recently implemented based on the International Classification for Functioning, Disability and Health (ICF). This classification provides a comprehensive and universally accepted framework to concretize and describe the concept of functioning, disability and health in people with all kinds of diseases or conditions. Its content is structured hierarchically starting with chapters, which constitute the first level of precision and which contain categories on higher levels (for example, from second to fourth level). For example, the third-level ICF category d4401 Grasping is one item of the second-level category d440 Fine hand use. This category is imbedded in the chapter Mobility, which itself is one element of the ICF component activities and participation.
To facilitate its implementation in SCI clinical practice and research the so-called ICF Core Sets, for SCI for individuals with SCI in the early post-acute 8 and the long-term contexts, 9 have been developed.
Although several studies are available that compare the problems in functioning experienced by persons with tetraplegia versus paraplegia, these studies commonly focus on specific health aspects, for example, hand function or do not adjust for relevant covariables when analyzing the prevalence of problems. Furthermore, these studies are limited to people with SCI in few countries. Consequently, a study investigating the entire scope of functioning and disability of people with tetraplegia versus paraplegia from an international perspective is missing.
Thus, the specific aim of this study was to explore the differences in functioning in persons with tetraplegia versus paraplegia in six world regions using the ICF as a comprehensive framework.
Materials and methods

Study design
This cross-sectional, multicentre study was performed within the international project 'Development of ICF core sets for spinal cord injury' to describe functioning and health of individuals with SCI using the ICF. 10 Data were elicited in 16 specialized study centres managing SCI individuals in 14 countries.
Study population
The study population included adults of minimum 18 years of age with SCI, with an acute onset (tetra-or paraplegia) in the early post-acute or long-term context. Tetraplegia refers to cervical spinal cord lesion, whereas paraplegia imply lesion to thoracic, lumbar and sacral segments of the spinal cord, secondary to damage of neural elements within the spinal canal. 11 According to the working definition, the post-acute context commences with multidisciplinary, comprehensive rehabilitation after the acute SCI and finalizes with its completion. The subsequent phase is the long-term context. Exclusion criteria were traumatic brain injury or mental disorders in addition to SCI.
Data collection
Health professionals in each study center recruited participants and collected data. ICF case record forms were used to elicit functional problems of the participants in individual computer-assisted interviews. In self-administered case record forms, participants indicated their general health and well-being. Health professionals entered these ratings into an electronic database. Demographic and clinical characteristics were obtained from medical records.
Measures
The case record forms comprised 264 ICF categories on the second level of classification out of four components. For the components body functions, body structures and activities and participation the rating 0 for 'no impairment/limitation' and 1 for 'impairment/limitation' was used. The categories of the component environmental factors were graded with 0 ¼ no facilitator and no barrier, þ 1 ¼ facilitator but no barrier, À1 ¼ barrier but no facilitator, ± 1 ¼ barrier and facilitator.
In addition, for all components, '8' was used in case the available information was not sufficient and '9' if a particular category was not applicable.
Data preparation
The present data analysis is based on 142 ICF categories on the second level of classification, which are contained in the comprehensive ICF core set for SCI in the early post-acute 8 or long-term context. 9 ICF categories for all components were recorded: if they were coded '9' (not applicable) they were set to '0' (no difficulty) and if they were coded '8' (not specified) they were set to a missing value. For each of the ICF categories from the ICF component environmental factors, two dichotomous variables were defined. They were recoded if they held the information to be a barrier (1 ¼ barrier but no facilitator or barrier and facilitator, 0 ¼ no barrier no facilitator, 0 ¼ facilitator but no barrier) or as a facilitator (0 ¼ no barrier no facilitator or barrier but no facilitator and 1 ¼ facilitator but no barrier or barrier and facilitator).
Statistical analysis
To identify differences in functioning between tetraplegia and paraplegia, while controlling for other confounders, logistic regression models were performed in an exploratory data analysis. Each of the dichotomous ICF categories were used as dependent variables in separate models. The level of injury (tetraplegia versus paraplegia), the age of the participants, age squared, gender and world regions: African region, Eastern Mediterranean region, European region, region of Americas, South-east Asia region, Western-Pacific region, contexts (early post-acute versus long-term) were used as independent variables. As age showed a nonlinear relationship to the response for some ICF categories, it additionally entered the model as a squared term to allow for a more flexible relationship. The reference category for level of injury was tetraplegia, for gender it was female, for world regions it was South-east Asia region and for context it was post acute. The number of cases available for each model, P-value, odds ratio (OR), confidence interval and responses for level of injury are detailed (Tables 2-6 ). The level of significance (Po0.05) was adjusted for multiple testing (183 tests) to Po0.0003.
Statement of ethics
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. The study was approved by ethics committees in charge of the respective study centers involved and was performed in accordance with the Declaration of Helsinki. (Tables 5 and 6 ).
Results
Data
In 36.4% of ICF categories from the component body function (Table 2) , persons with tetraplegia had a significantly higher risk of having a problem compared with persons with paraplegia. Regarding b265 Touch functions and b270 Sensory functions the risk of persons with tetraplegia was twofold (ORs 2.2 and 2.3). An immense difference was found in the ICF category b310 Voice functions, in which individuals with tetraplegia showed a 15-fold risk of experiencing a problem, and were well related to the five-to sevenfold higher risk of respiratory problems. Significant differences with four-to sevenfold increased risks for persons with tetraplegia were obtained for functions concerning b420 Blood pressure (OR 4.1), b440 Respiratory muscle (OR 6.9) and b450 Additional functions (OR 5.5), b455 Exercise tolerance functions (OR 2.15) and b550 Thermoregulatory functions (OR 4.8).
In 50% of the ICF categories assigned to the chapter 'Neuromusculoskeletal and movement-related functions', up to fourfold higher risks of experiencing problems were found for persons with tetraplegia. Finally, b830 Other functions of the skin was found to be more frequently impaired in individuals with tetraplegia (OR 1.9).
In the component body structures (Table 3) , individuals with tetraplegia showed a higher risk of having problems in three ICF categories regarding 'Structures related to movement'. The largest difference was found in the ICF category s710 General functioning 0-10 ¼ no problem-complete problem Categories from the chapter Self-care were found to be more frequently problematic for persons with tetraplegia, especially d550 Eating (OR 29.9) and d540 Drinking (OR 26.7). In addition, most of the ICF categories from the chapter Domestic life showed two-to fivefold higher risk of impairment among persons with tetraplegia, such as d630 Preparing meals (OR 5.0) and d650 Caring for household objects (OR 4.00). In contrast, persons with tetraplegia did not differ from individuals with paraplegia regarding difficulties in Interpersonal interactions and relationships, Major life areas and Community, Social and Civic life.
From the component environmental factors, 3.7% of the ICF categories were of more hindrance for persons with tetraplegia. Two categories were found to be facilitators (Table 5) , more often for persons with tetraplegia compared with paraplegia, namely e340 Personal care providers and personal assistants (OR 2.0) and e440 Attitudes of Personal care providers and personal assistants (OR 1.7). Finally, e125 Products and technology for communication (OR 3.1) indicated to be more often a barrier (Table 6) for persons with tetraplegia.
Compared with the numerous differences in functioning of persons with tetraplegia and paraplegia, the covariables, which were included in the regression models demonstrated significant effects only in a few ICF categories. Compared with persons in the long-term context, persons in the early post-acute context showed fewer problems in functioning in 30 ICF categories. Higher age was significantly associated with a smaller extent of impairments regarding the ICF category b670 Sensations associated with genital and reproductive functions and women had a lower risk of having problems regarding b640 Sexual functions. The observed differences between the six world regions are complex and is a subject of another publication. 12 
Discussion
The differences in functioning in persons with tetraplegia compared with persons with paraplegia were examined in this international study. The ICF was used as a reference, as it provides a comprehensive framework and common language. In general, the results indicate a higher risk for functional impairments of persons with tetraplegia.
A number of problems in body functions were identified, which are more common in persons with tetraplegia. First of all, impaired sensation is an important problem to both individuals with tetra-and paraplegia, that is, b265 Touch function and b270 Sensory functions related to temperature and other stimuli give percentages as high as 80-90%, but are still significantly higher for those with tetraplegia. One reason for this finding may be that the individuals with tetraplegia have even greater challenges in preventing the pressure sores because of more impaired mobility. In addition, difficulties in thermoregulatory functions, 12 including cooling and sweat reaction 13 are well known in tetraplegic individuals, and accordingly a more prominent issue for them than for individuals with paraplegia. Respiratory function is much more affected in tetraplegic individuals, which is due to impairment or loss-of-function of most or all respiratory muscles.
14 For the same reason is b310 Voice functions a problem significant to more persons with tetraplegia than with paraplegia. The shared importance for both the groups is remarkable for categories of chapter 6: Genitourinary and reproductive functions. Specifically, persons with tetra-and paraplegia reported problems with b620 Urinary functions and b630 Sensations associated with urinary functions. There is evidence in literature that bladder management is critical in rehabilitation of SCI (that is, neurogenic bladder). For example, catheterization or pharmacological options is either aiming to assist bladder emptying or to enhance bladder capacity. Complications, such as urinary tract infections, stones, strictures and autonomic dysreflexia, are common in both the groups. 15, 16 There is higher risk of persons with cervical SCI of experiencing blood pressure problems that includes low- 17 and not least sudden very high blood pressures related to autonomic dysreflexia. 18, 19 Furthermore, because of the higher lesions with motor loss in the upper extremities in persons with tetraplegia, they naturally showed a higher risk for difficulties in a number of neuromusculoskeletal and movement-related functions, which are interconnected with the hand and arm use. 19 Limitations in d440 Fine hand use and d445 Hand and arm use are related with limitations in self-care activities and in domestic life, specifically d550 Eating and d560 Drinking and the structural correlates s720 Structure of shoulder region and s730 Structure of upper extremity. Thus, treatment effects regarding hand function will become apparent not only in the body function itself but also in the related activities and environmental factors. The tremendous effects of an impaired hand and arm function as demonstrated in this study also highlights the need to restore this function as far as possible. 20 Although our study indicated huge differences between persons with tetra-and paraplegia regarding mobility, selfcare and domestic life, it is remarkable that no significant differences regarding interpersonal interactions and relationships, major life areas including education and employment, as well as community, social and civic life were found.
Variables, such as age, gender, race, educational level and coping, could influence functioning and disability after SCI. 21 In our study, we have adjusted for age, gender and regional effects. In addition, regarding the ICF component environmental factors, the congruency between persons with tetra-and paraplegia was very high, only three ICF categories indicating differences. The ICF categories e340 Personal care providers and personal assistants and e440 Attitudes of personal care providers and personal assistants were identified as being more frequently facilitators for persons with tetraplegia, and this is not least because of the fact that many more with tetraplegia than paraplegia need personal assistance. They have a central role in functioning as they are to be seen as an indicator for independency 6 and are interacting with the difficulties indicated in the ICF chapters d4 Mobility, especially fine hand and arm use, d5 Self-care and d6 Domestic life. Finally, only one ICF category was identified, namely s760 Structure of the trunk, where a higher risk for persons with paraplegia was evident. As the categories in our analysis are reported on the second level, we cannot specify whether these problems are in muscles, ligaments or in fasciae of the trunk or in the vertebral column. Although an interpretation of this finding is difficult, it may be because of the fact that for the tetraplegic individuals the trunk is part of the paralyzed body, in which the major concern is the remaining function of the upper extremities, including the hands, whereas for a person with paraplegia the lesion level means a lot for stability of the trunk and balance, and thereby for functioning in a wheelchair, during transfers and so on. 22, 23 Some limitations of this analysis should be considered. First, the ICF categories were applied on second level, and in consequence this leads to a reduced specification. Second, the countries are not distributed equally in the sample.
Owing to the overrepresentation of industrialized countries, the external validity may be limited. Finally, only a limited number of potential confounders were taken into account in the logistic regression models. To sum up, in our study we have demonstrated that irrespective of age, gender, early post-acute or long-term context and world regions, the level of SCI significantly influences the functioning of affected persons. Using the ICF core sets for SCI, it was possible to gain a comprehensive description of the differences in functioning, experienced by persons with tetraplegia versus paraplegia. It is relevant for health policy and systems and health service research to do further research in the application of the ICF framework.
